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1. INTRODUCTION

JEM on pes Ai, Interl.... SllIndlIrda

The TIPI T~chnical Subcommittee of Committee T1 :md the "ffi45.4
Subcorn mittee of T~Iecommunication Industry Association (TIA). in
April 1992. detennined me need to jointly e~'Unine the issues related to
air inrcrt:1ce technology, standards. applications and services in the
context of Personal Communications. In August 1992. their parent
organiz:'.tions. committees Tl and "ffi45. authorized to convene a Joint
Experts M~eting (JE~\'f) in November 1992. to address the four
objec:i \'~s below. and welcomed the participation of Telocator. the
Personnl Communications Industry Association. to co-host the event.

TIle IE:. 1obj~ctives ·.v~re as follows:

1.

..,

3.

4.

Solicit industrY views on air intertace Standards that are retluired to
support Perso~al Communications Services (PCS) with einphasis
on ;lpplications in me Americas over the next decade.

Ba.s~d upon consider:uions of service demand and technology .
de:ermine which applic:nions require \listinc! air interrac;; Stand.anls.

Address the issue of the need and advantages of devdoping a
minimum number of air interface Stand.'U"ds. that allow similar
applications from a technical and end-user poine-of-view to be
se",ed with the same air interface.

Reach consensus on an industry-needs clriven schedule for required
air interface Standards.

A set of referenct: documents were identified co guide the discussions.
and a total of fifty nine (59) contributions were received to be addressed
in the specific sessions covering the objectives.

The IE;' { was cnlled to order on November ro, 1992. at Reston. VA.
by Co-Chairs Charles Cook and Wing Lo. About 120 representatives
from US sL'Uld.1rds organizmions. European and Interamerican standards
groups. US trade industry associations. North American serlice
providers, industry and Canadian and US regulatory agencies attended
and partiCIpated in the deliberations.

The IE:'! was sponsored by AT&T. Northt:ffi Telecom. Mocorolt1. Inc.•
Rock'.veU International and Southwestern Bell Technology Resources.
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2. PURPOSE

The purpose of this report is co register the consensus agreements and
recommencJ..u:ions achieved during the discussions of the four objectives
and to present them to the Joint Technical Committee (JTC) on
wireless access and subcommittees TIP1 and TR45.4 for analysis and
decision on implementation.

These deliberations were held between November 9 to 13. 1992. To
facilitme the proceedings. a one day symposium was held where
spem.:ers from various standard bodies. service provider associations and
regulatory agencies gave their views on PCS. TIle remaining four d.1Ys
were spent on deliberations and producing of this report. As a matter of
record the agenda is shown in Appendix A.
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J EM on pes Ai' Intart..:. Slandard.

3. RELEVANT ISSUES AND RECOMMENDATIONS

3.1 Related to Objective 1

Objel:tive 1: Solicit industry views on air interface
Standards that are required to sup[lort Personal
Communil:ations Services (peS) with em[lhasis on
:lppfil::ltions in the Ameril::ls over the next del::lde.

Industry views on air interr";1ces for personJ1 communic:uions were
soljciteJ and received trom US srand.1.nls groups TIPt, TIA.:uJd IEEE
PS02.11. European sranda.nls org:l11iz:1.tion ETS I . S:-,rG5. Consultative
Committe::: of International Radio (CCIR) TG8/1. [nteramerican
telecommunic:uions organization Intcr:uneric:ln Conference of
Telecommunications (CITEL). the Canadi:ln regulatory agency
Department of Communic:1tions (DOC). the Feder:1.i Communications
C0mrnission :FCC). :1nd CS trade industry associations· Cellular
TeJecommunic:uions !nJustry Associ:uion (CTIAL Wireless
!nfonn:uion ~elworks Forum (\VE'fForum) :'u'ld Teloc:1ror.

Some of the views from the industry were presented during the one day
symposium presceding the deliber:ltions. The common theme
throughout the d:ly was that there was .1 need for co-operation between
various standard org:l11izmions. TIA representative stmcd that there was
a need for "Future Proofing" of wireless stancbrds. This requires for
the stancL.1.rds to be sufficiently t1exible to :lccommodare technology
changes. To reduce st:lndards tleve!opment interval. consideration
should be given [0 reuse of existIng standard segments.

Teiocator represenralive in his presenration requested the development of
stamlards in a tirndv manner. He urg:ed the standard bodies to avoid
competition amongst themselves. He :lIsa stated the need to harmonize
with international standards. TlPI speakers also supported the joinc
development of sr:lndards. Consideration of international :lctivities
relative to pes was also a. cornman theme.

Specific topics were addressed in the fifty nine (59) contributions
received from industry org:uJizations and participating companies and
classified in accordance to the working objectives.
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JEll on PCS AIr.--. SlMdMSa

3.2 Related to Objective 2

3.2.1 Introduction

Objective 2: Dased on considerations of service demand
and technology, determine which applications require
distinct air interface standards.

This objective was broken into the following questions:

• What services and applications are desired by the users. and what is
the minimum set of services required to be supported over the :lir
imertnce?

• What are the physical "opernting environments" th'lt will be
encountered and what are the technical issues driving the design of
an :lir imertnce to provide service in e.1ch opemting environment?

• What consuaims will be imposed by the potemi:l1 need to share
spectrum with existing microwave users'?

Services Aspects. Technology Issues and Spectrum Shnring Aspects
subgroups were fonned. The results and recommendations of these
activities are described here.

3.2.2 Services Aspects

3.2.2.1 Issues and Discussion

The l~vl attempted to identify which services have significant impact
on the air intertace.

The JEM agreed that there are severnl different service/operating
environments that could impact mmo systems and air interface design.
These servicelopernting environments are:

1) indoor residence

2) indoor office

3) indoor commercial

4) outdoor vehicuJ:lr

5) outdoor pedestrian

6) wireless loop

These environments were considered when discussing the services
imp..1ct on the rndio interface.
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Following are services and C:lpabilities identified as impacting the air
interface. While this is by no means an exhaustive list. it is felt to be
representative of the rllllge of air interfnce-impncting services.
Associated with e:u:h is an indicntor representing the believed degree of
difficulty to implement :md level of imp3Ct on the air interface design.

Service Capabilities Impact

I Audio

IVoice. land-line quaLicy M

I Music. lMd-linc: quality H
I

Voice/music. less than land· line quality (optionally user/servicd L
provider selecrnble. :lSswnes multi-cme cadec) I
0:1 ta I
Voiceband - 2400 kbps L

Voiceband - 9600 kbps H

I DigiL.1.I. multi-True via !>enter channel aggregation I H

I Packet (packet sc:rvice with non-isochronous mode over the air) I H
IAsymmetrical

I
H

Client/Server LAi.'J H

Bearer chMnel bit-count integrity I M

Video

jSlOW-SCM video «= 19.2 kbps) H

Con trollS igna Iiog

Out.Qf-b:wd signaling and mess.1ging M

IEmergency. all chMnel busy (e.g.• 911) M

i Multi-Level Precedence and Pre-emption (MLPP) M

Inband signaling during connection M

[nvocation of network-b.'lSed services/featUreS M

Pnssing/gener:ttion of DTMF to networlc elementS M

TenninaJIservice type to/from network (FAX/voice/dam) L

Universal Personal Telecommunic:uion (UP'I) N<N,* l)

Identification and selection of service provider L

Encrypted Authentication & Validation L

Encryp tion

End-to-cnd M

Radio link encryption M(Nolllz)

Legend: N = no impact

M = modemte impact

L = low impact

H=high impact

Table 3.2.1 Expected Impact of Service Capabilities on Air Interface
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JEM on PCS Air In-n- SIMdwd.

Note I: UPT is expected co be a network function that wiU add no
additionnl comple~ity to the air interface beyond other services described
herein.

Noce 2: The insertion of radio link encryption should have no impact
on service integrity. If it does. the capabilhy should e~ist to disable
encryption.

The !EM agreed thar the rndio system/air interf:lce should be designed so
:lS to allow graceful evolution to support future services and
capabilities. including multimedia applicmions. tenninal locmion and
higher user dm:l rnces. It was also agreed thar system performnnce was
relevant and contribution TR45 JEM/92.11.09.266(T1P 1/92-266)
(TIP 1 draft Technicai Report "System/Service Objectives for Low
Power Air {tIlerface for Persollal Commlllzicatiolls"). Section 8 (less
8.5.8.8.8.9 and 8.10) was identitied as appropriate text.

A second t~k was to look for consensus and develop a recommend:uion
of the minimum set of services required co be c:lITied over air incerfuce(s)
for each of the si~ operating environmentS. The services were classitied
inro tWO categories: speech and u.'l1.'l.

Minimum Speech and Darn Services Requirements

The JEM assumed thm a specific service provider (licensed) or
equipment provider (non-licensed) mayor may not utilize the full
capabilities of the Air Interface: the term "requirement" refers to the
Interface. not to the Provider. The JEM used the term "optional" to
mean that the st.'lndards-mnking organization should not be required to
design a femure into the Air Incerfo'lCe. but may do so if it is natural or
e..lSy.

The following two cables represent the identified minimum service
capabilities for voice and d.'lt.'l services. Noce that the ffi\1 e.'tpects that.
in many cases. these minimum characteristics can and should be
e~eeded.
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JEM on PCS,u, I..,..S.....,.

Speech Services Indoor Indoor Indoor Outdoor Outdoor Wireless I
Residence Ofrice C'mml. Vehicle Pedestri:lnLoop I

Voice QU:llity I
I

j

As Good As Wireline (Note l) Req. Req. Req. Opt./Req. Req. Req. I
Less Than Wireline Optional. Optional Optionn.! Req./0plion:ll Optional. Optional

I
I
i

Progrnm Audio Optional Optional N/A N/A N/A Optional
I

i
DT:\'1F • Keyp:ld Req. Req. Req. Req. Req. Req.

DTMF . AudioiInband Optionn.! Optiona! Optional Optional Option..-u Optionai

Emergency Services (e.g.911 ) Req. Req. Req. Req. Req. Req. i
Signaling to Suppa !Req. Req. Req. Req. Req. Req. I
Supplementary Services I

!
Mobility I

I

Registration/ Call Delivery Optionn.! Req. Req. Req. Rcq. N/A. I
H.1Jldover Optional Req. Req. Req. Req. N/A I

I

Privacy Reg. Req. Req. Req. Req. Req. I
IAuthentication Req. Req. Req. Rcq. Req. Req. I
I

Table 3.2.2 Minimum Set of Speech Services

Note 1: Must support Music On Hold and Voice Recognition

Notes: Regnrding the Table of Minimum Set of Speech Services

The following items were considered for minima! user expect..1.tions
with regnrds to voice services. Pnrenthetical references reL.1.te to sections
in TR45.JEM/92.11.09.266 (TIPI/92·266).

1. There was consensus that wireline·1ike speech quality be
maintained. except on Ihe issue of outdoor vehicular service. where
the IEM was divided as to whelher cost/cnpacity issues would tip
the scales toward pennitting lower quality. Music-On·Hold and
Automatic Voice Recognition can be accommodmed as long as the
high-qunJily requirement is met

2. On the other lk'U\d. the Air Interface may accommodate an option
whereby a provider may offer a lower quality to which a customer
may subscribe. for presumably a lower wiff.

3. Progrrun Audio (7 kHz acoustic bandwidth) did not receive support
as a requirement of the Air Interface; however. there was a feeling
that the quiet indoor acoustic environments would warrant this
fe.'\ture :lS an Option.

4. DTMF (7.1.1): The IEM renched consensus thm DTMF signaling
must be supported. either by actual transmission of the tones or by
network conversion of digital dat.,\ messages into the cones.
Whether acoustically coupled devices using such control tones can
be used is an option.'\l feature.
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5. Emergency Services (e.g. "911 "): Genernl consensus that
emergency services must be supported as a genernl requirement was
re..1Ched. Det.'liled n:qui1'ements. such as \vhat to do if an emergency
call encounlt:rs trnffic blocking or how to deLiver precise location
information to the emergency bureau. are subjects for further study.

6. Support for supplemenmry services: It was agreed to require the
signaling capabilities of the Air Interface to be adequate for:ill call
processing and call management features Iisred in (7.1.3) of the
TlPl document. It is up to higher layers of the protocols to
e~ecute the suppiemenwy services.

7. The mobility features of registration. c:ill delivery during roaming.
and handover are optional for the indoor residence environment. not
applicable for the Wireless Local Loop case. and required for all the
0thers. However. these are genernlly Layer 3 functions.

8. Sections of the report (9.3 and 9.14) were supported by a consensus
within the JEM for requiring the Air Interface to provide privacy
and authentication functions in alI t:nvironments.

Data Services Indoor Indoor Indoor Outdoor Outdoor Wirele:i:i I
I

Residenc. Office C'mm!. Vehicle. PedestrianLoop

Intenvorking Witb PSTN Data Services (7.2.1.1)

Min. Bit R..1te (view #1) 2.4 kbps 9.6 kbps 2.4 kbps 2.4 kbps 2.4 kbps 2.4 kbps I
i

Min. Bit R..1te (view #2) 28.8 kbps 28.8 kbps 9.6 kbps 4.8 kbps 9.6 kbps 28.8 kbps I

In terworking With Digital Data Services (7.2.1.2)

Min. Bit Rate (view #1) <------ up to mdio chnnnel rate--->
Min. Bit Rate (view #2) 64 kbps 128 kbps <- up to radio channel !':lre -> 64 kbps

IMultiple Channels Optional Optional Optional Optional Optional Optional

Access to Pncket Data Services Req. Req. Req. Req. Req. Req.

Blocking Prob. (8.1/8.518.8) 0.1% 0.1% 1·2% 2% 1-2% 0.1%

Dat.1 Quality (8.4/8.6) error trenunent required to achieve 10-5

ICall Cutoff Prob. (8.7) same as voice

Network Access Delay (8.9) S<1me as voice

Call Setup Delay (8.10) S<1me as voice

Privncy (9.3.1) Req. Req. Req. Req. Req. Req.

Authentication Req. Req. Req. Req. Req. Req.

Handover (9.3.419.7) for further discussion ,

Table 3.2.3 Minimum Set of Data Services
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JiM on PeS Air InterfMe S.......

Notes: Regarding the Table of Minimum Se::t of Dma Se::rvices

The:: JEM reached ::onsensus on all issues with one exception: the
required bit mtes. The view of the significant majority (view #1) was
thm a typic:ll user would expect minimum r:ues to be the s:une as those
which are minimally accept..'lble today, loosely detined as the typical
"f:lll-back" mte of existing analog modems. The minority view (view
#2) held that users wiII expect a minimum service e::quivale::nt co the
maximum capabilities of the systems identified. Parenthetical
references relate to sections in TR45.JEM/92.11.09.:66 (TIPL/92
266):

1. [nterworking with PSTN voiceband dara services (7.2.1.1).
Currently all voiceband dat.'l services are handletl via a motlem. The
minimum requirements renect the Iimit:\tions associ~ued therewith.
Views;;1 and #2 are retlected in the attached cable.

tnterworking with digital dma services (7.2.1.2). View #1
motivates the belief thm the rate of a single radio channel is an
acceptable base on which to offer access to circuit switched digital
services. (A.s an option. multiple channels can be used to increase
the J..'\ta throughput.) View #2 motivates radio equipment design
which prevents it from being the limiting factor in the ililt.'l r.rnnsfer
process. providing access equivalent to wireline circuit switched
connections.

3. Packet dara services (7.2.2). Access to packet dma services is
available today via wireline. and thus should be considered a
minimum service capability of PCS systems. See below for n
discussion.

4. Blocking Probability (8.1/8.5/8.8). Service access probability.
blocking probability and avaiL.'\bility were viewed as a single issue
from the subscriber's point of view. The suggested blocking
probabilities:lre deline..'lted in the above t.1ble.

5. Dam qunlity (8,4,). Again. these are considered the same from a
user service point of view. An end-to-end BER of 10-5 is
considered acceptable. This is expected to be achieved via some
son of error treatment on the rndio link. but particular schemes
such as AAQ were not discussed.

6. Call Cutoff Probability!Network Access Delay/Call Setup Delay
(8.7/8.918.10). It is felt the current users will accept a data service
operating with the 5.we parnmeters as voice service.

7. Privacy and authentication (9.3.1). Both:lI'e requirements for any
voiceband data system as offered by a wireless service provider.
The security level should be higher than that currently avail.'lble
with wired personal computers due to the fact rndio signals can be
intercepted without the knowledge of the system user.

8. H.'lndover & Channel Bit Integrity (9.3.419.718.6). The particular
method of handovcr implemenrntion is not of concern to the end-
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user. It is felt. however. that a handover mechanism must be
developt:d which eliminates (or at least minimizes) the occurrence
of a c.J.1ta call being c.Jropped due to the moment.'U')' mtemJption of
the channel. The handover also must not significantly complicate
the ~ncryplion function.

3.2.1.1.1 Recommendations

1. The above tables give the recommendations made by the JEM as to
the minimum service capabilities for voice and d.1ta services. Note
{hat the JEM e:tpects thac. in many cases. these minimum
characteristics can anu should be e:tceeded.

.., The JEM recommends that the Air Interface support access to
packet data services (both public and private packet networks).
However. the JEM notes thm the underlying implementation of the
mdio link access procedure that provides access to packet services
may grant a dedicated milia link for the Juration of the session. or it
may reiy on pncket-by.pncket conrention for mdio resources.

The !EM voiced concern that the use of the same link access
procedure for packet as for that of voice and circuit switched data
services may not be optimal. This in turn may lead to the
development of other link access procedures for access to packet
ilitta services which. if it t.'lkes place outside of the sanctioned
stnndards process. would have the undesirable effect of the
proliferation of non-stnnd.'lrd air interfaces.

3.2.3 Technology Issues

3. The !EM recommends that the Air Interface be defined so as to
ennble the cost effective design of a tenninal that could be used
both in licensed and non·licensed bands. The JEM notes that this
is desired both by end users and service providers.

3.2.3.1 Air Interface Proposals

More than six radio system air interface proposals were described.
These proposals contained a variety of multiple access techniques
(FOMA. TDMA, COMA·OS. B-COMA), duplexing methods, channel
colling melhotls. and voice coding techniques.

3.2.3.1.1 Rccommendatiolr

Th~ !EM recommends a comprehensive study of various air interface
proposals to determ ine the applicability of various air interface
technologies within the different operating environments.
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3.2.3.2 Duplexing Methods

The two-way trnllsmission of infonnntion must be provided in pes.
Two methods are genernlly considered:

1. Frequency Division Duplexing (FOD). in which the infonnation
flowing in e:lCh direction is trnnsmitted on a different frequency. and

Time Division Duplexing (TDD). in which the infonnmion is
transmitted on the smne frequency. but with the channel rapidly
alternating between the two directions of trnllsmission.

The rEM agreed that the following snlient differences in the two
methods apply: all these points must be considered together.

TOD is more appropriate where only a single continuous block of
spectrum is allocated: POD is more appropriate where pnired blocks
of spectrum are allocated.

Delay considerations make TOD less suimble for cells with large
radii..

TOO is more sensitive to a l.'lCk of synchroniz.'uion between base
stations of a network.

TOD doubles the required underlying rndio trnJlsmission rate.
mmdng TOO more susceptible to inter-symbol interference than
FDD.

TDD may pennit the implementmion of antennn diversity to be
simplitied

Hardware utilization is generally lower for TDD since radio
equipment is gener:Llly idle for hnlf the time.

TOD simplifies spectrum shnring with fixed microwave compared
to FDD.

3.2.3.2.1 Recommendation

The rEM recommends no action on duplexing schemes at this time.
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3.2.3.3 Air Interfaces

One way [0 beam [0 define the air interfaces is [0 focus on where
people will need (or are likely [0 use) wireless services. A view of the
user needs and radio environment can then suggest technology
compromises appropriale [0 these factors. A fU'St step in this process is
to list key characteristics of the radio channel and air interface. for each
operating environment considem:t. This infonnation can be combined
with information on user needs. application requirements. wired and
intelligent network requirements [0 assist in making the necessary
technology compromises in designir.g a wireless access system for
PeS. This process facilitates recommendation of appropriate power
levels. bit rates. voice codecs. moduJation schemes and access methods
to accomplish the desired communications with minimum complexity
and cost.

The !EM did not consider satellite. air-to-ground. or wideband LANs in
this analysis.

The following two tables characterize a set of operating ~nvirorunents

where users are expected [0 use PeS. The operating environments used
were based on environments presented in CCIR Task Group 8/1
contribution TR4SJEM/92.11.09.259 (TIPlI92-259).

User Speed Fading HanOOver User Speech Data Rate
Environ- W'mdow Density Quality Req.

USER ment Inr.erval Impact
(De!ay)

Wireless PBX Low Very Slow Long High Low ILowl
Mediwn

Home Cordless Low Very Slow Long High Low Lowl
Mediwn

Wireless Local Loop Low IVery Slow Long High Low Lowl
Mediwn

PedesD'ian Lowl Slow Long High Low Lowl
Mediwn Mediwn

Vehicular High Fast Short! Lowl MediumlHi Low
Mediwn Mediwn gil

Table 3.2.4 View 1 of Qualitative Characterization of PCS Environment
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ENVIRONMENT ~'U1gel Vocoding Delay Power Hand- Speech User Doppler
DeltlY Spre1d over Qunlity Density

Onice 200 ft Low Low Low Yes High Very None
, High

Pedestri.'U1 2000 ft Low Low Low Yes High High- Low
Low

VehicuJ..'U" (NOIe!) 3 mi Modernte High High Yes Mod Modi High
Low

Wireless Locnl Loop 2000 ft Low Low Low Yes High Modi Low
High

Public Buildings 500 ft Low Low Low Yes High High None

Horne / Multi-tenant sao ft Low Low Low Yes High Low/ None
(NOIll 21 High

Table 3.2.5 VIew 2 of Qualitative Characterization of PCS Environment

Nme 1: Use of communication service at moderate [0 high speed. This
environment also includes low user density areas (e.g. rurnl).

Note 2: &'U1dover may not be required in this environment.

3.2.3.3.1 Recommendations

1. Based on the above tables. it appears that a single air interface
should be technicnlly feasible for the following environments:

Office (WPBX / CENTREX)

Home (including multi-tenant)

Wireless local loop

Pedestrilul (indoor I outdoor)

This conclusion does not look at specific spectrum nllocations.
which may have a significant impact on air interface st.'U1dnrds and
does not dictate thnt a single air interface should be developed.

2. The vehicuw environment places unique requirements on the air
interface because of velocity of users and because of potentinlly
larger cells and higher power requirements.
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While a different air interface is indicated for the vehicular
environment. when a commonality in some technicnl parnmeters
already exists (e.g. duple:ting method. bandwidth and infonnation
nue) the proper use of other technical pnrnmeters (e.g. diversity.
equaliz:ltion. coding and interleaving. power level. etc.) CM cre:lte a
high degree of commonalty between lhe air interfaces and the
equipment that implements that interface. Network and subscriber
unit cost benefits will occur if st:uuwds are developed with the aim
of achieving this high-level commonnlity. Other benetits that will
be uerived include the simpler implementation of multi-air intertace
units and accompanying multi-environment applic..'1tions.

This commonality is consistent with the core air imerface concept
being developed in CcrR. and discussed in contribution
TR4.5.JEYV92.11.09.1.S7 (TlPl/92·257).

3.2.~ Spectrum Sharing

3.2.4.1 Issues and Discussion

3.2.4.1.1 OFS/PCS Spectntm Sharing Issues

Based on the objective outlined at the beginning of the section. the
following specific questions between operational fixed s~rvices (OFS)
Mel PCS were :1ddressed;

• Is spectrUm sharing possible?

• Should there be a sl.'1nd.11"c1(s) for spectrum sh:uing?

• What is the relationship. if any. between the air interfaces and
:>-pectrum sharing technologieslst.'1ncbrds?

• What is the role of the JTC or other standards bodies and industry
fora rel.'l1ive to spectrum sharing?

• What are the technical chnrncteristics of spectrUm sharing relative
to the development of air interface st.'1nd.'lfd(s)?

3.1.4.1.2 Recommendations

1) With respect to the question of whether spectrum shnring is
possible the JEM agreed that:

Licensed PeS Shnring with OFS is possible. as an interim
step to facilitate the introduction of PCS. until clenr spectrum
becomes a real.ity. .
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With appropriate mechanisms. non-iicensetl PCS sharing is a
possibility. as an interim step to facilitme the introduction of
PCS. unril clear specuum becomes a reality. Tne need for
dear spectrum at the onset should not bt: precluded.

It is recognized that there are C:1Ses where no :l-pectrom clearing
is required. for example. in al'e.'1S where no PCS service is
provided.

International co-ordination between governments for border
cities is required for PCS to oper.lte in these :lre.'lS.

In the event. there is a potential for interference with OFS.
Recommendations :2 to 6 shall apply.

1) The:lir incerfnce should provide n wide mnge of capabilicies and
fe:llures thm can be implemented by manufacturers or may be
supported by oper.ltors depending on the specific nppiicmion being
addressed or service proviJed. Any air imert:1ce slnntlard will need
to enable the system to manage interference between OFS and
PCS. ami between PCS and PCS.

The impacts and issues relmive to spectrum sharing on the air
interface between OFS and PCS were discussed. Consistent wilh
the view that this aspect of spectrum sharing is primarily a
transitional issue. the IE:vf recommends thm:

the air interface standnId(s) shall enable coe:dstence with
e:dsting fixed microwave services without compromising the
long tenn service goals of PeS.

3) A common thre.'1d of the present:uions was the requirement for the
mobile/portable to know the OFS environment before it began
transmitting in order to avoid interference. The specific content of
the OFS Inrerference Avoid.1llce Infonnmion is a de4'li1 for the JTC
to define. The JEM recommends that:

before initi..'lting any transmissions. the air interface st.'lndnrd(s)
require portables/mobiles to obtain OFS Interference
A void..'lnce infonnmion.

the OFS Interference Avoidance Infonnation is downloaded in
some fashion to. or otherwise determined at. the PCS base
stmions and then subsequently trnnsferred to the portable via
PCS set-up/control signaling functions.

the air interface stand..'U'd(s) shall not preclude the b.'lSe sUltion
from obraining OFS Interference Avoid..'lnce Infonnation from
port'tbles/mobiles.

(The intent of Ihis last statement is to allow the bi-directional
information flow for those systems that employ this
capability.)
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air interface smnd~ds include the deL.tils of the transmission
authorizmion process (c.g. protocols. channel numbers. etc.).

the air interface smndard(s) should require transmission of
information that may be used to faciliL..'\te OFS spectrum
sharing such as pormble/mobile identification. ceUlbase station
identification. system identification. functional capabilities.
etc.

4) Some spectrum sharing techniques are essentially independent of
the radio access technology. others have intrinsic properties that the
technique takes advantage of. while still others are a hybrid of
se...er:li technologies. In recognition of this facl. :lIld not knowing
which technology would used in any air interface stnn(i'lrd. the lEM
agr;;:~d the following sattement was importMt:

The access technology. as part of the air intert:1ce. is integral
to OFS spectrum sharing nnd should be a consideration.

5) In recognition that some diagnostic PCS to OFS interference
rje~:::nninations may be of vniue. the IE:-"! recommends that:

the air interface smnd~d(s) allow diagnostic system
functionality. For e.'Cample. robust operation should be
maintained under temporary conditions of either all base
stations or selected groups of base stmions simultaneously
trnrlsmitting.

6) While the main concern ~vith OFS spectrum sharing is co prevent
the PCS system from interfering with the OFS. it was felt
important to point OUt that interference from the OFS into PCS is
a unique considermion nne.! the JEM recommends that:

the air interface sW.ndard(s) exhibit robustness in an
environment of OFS interference into licensed PCS.

(The specifics of robust operation nnd the OFS environment
are for the JTC to detennine.)

3.2.4.1.3 PCS/PCS Spcctrum Sharing Issucs and Recommendations

Turning its attention to the impacts and issues relative [0 spectrum
sharing on the air interface between PCS and PCS. the JEM felt that
some of the same issues and recommendations apply from the above
discussion. specifically:

the air interf:l.ce standard(s) should require transmISSIon of
infonnntion that may be used to facilitate pes spectrum sharing
such as portable/mobile identification. ccll/b:l.se station
identific:l.tion. system identification. functional capabilities. etc.
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the access technology. as part of the air interface. is integrnl to
PCS specrrom sharing and should be a consideration.

In recognition that some diagnostic PCS to OFS interference
detenninmions may be of value. the air interface st.1J'IililrtJ(s) shall
allow diagnostic system functionality. For example. robust
operation should be maintained under tempornry conditions of
either all base stations or selected groups of base stations
simult.1J'Ieously trnnsmitting.

Some of tod.1.y"s providers in the cellular band wish to provide private
servic::s. Recognizing that this may be the case for providers in the 2
GHz band. and knowing that some of the technical issues are relnted to
the air interface standard. the !EM recommends that:

the air interface staniliLrd(s) facilitate private sub-operation (for
example. cordless. or wireless PBX) by PCS licensees. While this
relates to interference control, it may have broader implications.

rn addition. the JEM discussed co-ordination and managing inrerference
(i.e. co-channei and adjacent channel) between operators. which may
operme very different systems. This is partly a function of
mobiles/portables operation and therefore operators may benetit from
new technologies that aid this process. Thus the !EM recommends thar:

the air interface stand.1l'd(s) allow the transmission of infonnation
related to inter-system co-ordination :md imer-()perability:

The !EM did not have the opportunity to discuss the technical issues of
spectrum sharing in the non-licensed band. Therefore. the !EM notes
that:

non-iicensed PCS to non-licensed PCS sharing has not been
addressed by this !EM. Further work is required by the appropriate
organizmions.

3.2.5 Reference Information on Technologies and Spectrum Allocation.

Contributions in this !EM presented specific technologies proposed by
different companies and some views on the Federal Communications
Commission proposed specrrom allocation.
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3.3 Related to Objective 3

3.3.1 Introduction

Objective 3: Address the issue of tbe need and advantages
of developing a minimum number of air interface
standards. that allow similar applications from a
tech nieal and end-user point of vie,v to be served \vith
the same air interface.

Sub-goals of Obj~tive 3 were:

Identify the advantages and dis.'1dvanL.1ges of minimizing the
number of air interface stand.'trds from the point of view of:
(1) end users (subscriber -- user of handset). (2) manufacturers.
and (3) servIce providers.

Determine which of the advanL.1ges and disadvantages are
affected by the end user's environment (i.e.• residenci.'u.
business. etc.), and how they are affected.

Develop a weighting of the strength or weakness of each
advantage and disadvantage.

Mnke recornrnendmions.

In order to meet Objective 3 and its subgoals. the contributions were
separated into four categories. which were used to develop four t.1Sk
groups. The task groups were charged with the following items:

Task 1: Advantages of a single Air Interface and advantages of multiple
Air Interfaces.

Task 2: Consensus on Air Interface definition and goals.

Task 3: Develop/define an agreeable application environment structure.

Task 4: Comparison and evaluation of common air interfaces for PCS
applications.

Contributions were presented in the four task sections. Discussion
followed each group of presentations. Two drafting groups were
assigned to capture the resulting consensus from each discussion
session, and draft the appropriate infonnation and recommend.1tions.

For our analysis, the regulatory environment proposed in the current
PCS NPRM (Docket 90-314/92-100) was assumed. A change in the
regulamry environment will pOlentially lead to changes in the air
interface solutions.
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A weighting of the strength or we:tkness of each advnnr.1ge and
dis.1l.ivantage was not perfonned because it was believed that this is the
responsibility of the service providers according to their view of their
subscriber requirements and their business strntegy. This weighting can
not be perfonned prior to the FCC rulemnking and definition of the
potential opermors. There were no conaibutions directly addressing this
subject. Instead. the IEM described :l recommended method for the
comparison of proposed air interfaces in advance of the final FCC
rulemaking. 111is information can later be used to evnluate the proposed
air interfaces when the oper:uors and the nature of their system and
license are known.

3.3.2 Task 1: Advantages of a Single Air Interface and of Multiple Air Interfaces

111is section is the output of Task I and is intended to be high-level
background infonnation for Task 2.

3.3.2.1 Advantages of a Single Air Interfaces

There are severn! reasons why a single Air Interface would be most
desirnble for PCS customers. manufacturers. and network providers.
For e,;:unple. a single Air Interface pennits the following:

• facilit.'ltes multi-region and nationwide service. e.g.. ro:uning;

• enables interopernbility :unong multiple service providers:

• promotes ubiquity in muhiple applications - for example.
residence. office and public telepoint:

• creates the ability to place emergency calls from almost any urban.
suburb.'Ul. commercinl area;

• minimizes terminnl complexity and cost for multiple applications
(no multi-Air Interf.1ce implementations);

• lowers cost due to high production volume (especially initinlly).
permitting f<lSler pes launch;

• promOles more competition ronong mnnuf.1cturers and providers;

• enables simpler spectrum sharing. due to manage.1ble interference
p..1.r:UT1eters;

• facilitates economical network provisioning. operations. and
maintenance:
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improves trunking efficiency in a PCS-PCS shared spectrum
environment: and.

• would be more attractive to foreign m:u-kelS promoting export sales
to countries that have no established smnd:w.

3.3.2.2 Advantages of Multiple Air Interface

There are several reasons why rnulciple Air Interfnces would be most
desirable for pes customers and manufactures. These include:

• the optimization of interfaces to specific applications and
environments (e.g.• a high bit rate. distributed. wireless LAN
versus a medium bit rote. cemrnlized. voice network or a special
environment such as the Federal Avinrion Administration
requirements for passenger communications within an airplane);

• potemi;illy lower cost for simple air interfaces/applications:

• possibly fnster time to manufacturing in Ihm narrow st.'Uld.1rds or
propriet.'U')' implementations are easier to agree on than broad
smnd:uus:

• allowance for adoption of other coumries' standards that would
promote foreign s.lles:

• possibly more opportunity for prodUCt/service differentiation and
innovation: and

• a multi-Air Interface terminal accommodates need fori multi
npplic.1tion access.

Note: The advMtages of a single Air Imerfaces and advantages of
multiple Air Interfaces listed above are based on Teloc:ltor's
contributions TR45.JEM/92.11.09.227 (TIPl/92-227) and
TR45JEM/92.11.09.261 (TIPI/92-261).

3.3.3 Task 2: Consensus on Air Interface Definition and Goals

3.3.3.1 Consensus Position

• The industry may have to provide more thnn one air interface. but
only where multiple interfaces are justified or dictated by
application needs.

A flexible air interface is needed; common to voice and
low/medium speed d.1ta. across multiple applications.
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• The indusuy needs :l. flexible :tir interface core with application
driven deltns.

• It is essencmJ to minimize the number of sL.'llldJrdlzed:tir interfaces
spanning licensed and non-licensed speccrum bound.1ries. At a
minimum. it is essential that there is interoperability between the
licensed and non-licensed bands for voice and low/medium speed
<mt.'l.

• Stlndards should be developed to accommodate the end user's
perspective.

• The smnd.'U"u(s) should enable a single user terminal to operate
across multiple environmenrs for a given set of applications.

• From the user's perspective. the air interfaces shall be trnnsparem.
regardless of the tina! smnd.'U'd.

3.3..3.2 Task 2 Recommendations

In order to accomplish the goals sroted in Section 3.3.1. it is
recommended thac a layered methodology be used to develop the air
interface. Such a methodology should separate functions as access
independent and access-dependent. The set of access-independent
functions should be maximized to facilitate interoperability across
multiple access mechanisms. For example. see Figure 3.3.F below.
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Figure 3.3.1 pes Air Interface Functional Model

We recommend that the JTC define a l1e:<ible air interfnce and core in
accordance with the principles st."lted above. By way of e:<:nmple of a
tle:<:ible air interface core. we recommend revie·.ving the concept
discussed in contributions TR45.JEM.92.11.09.24l (TIP1/92-241) and
TR45.JEM.92.11.09.242 (TlPI192·242). These contributions present
the concept of a family of air interfaces built on a common core.

The JTC should work with TR45.4 to est."lblish a technicnl liaison with
Wu'lForurn to undc::rsmnd the impact of the spectral etiquette being
developed by WINForum on radio performance and to coordinate
inrerworking between the etiquette and sr:tn(.I.:trds.
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3.3.4 Task 3: OeveloplDefine an Agreeable Application Environment Structure

3.3.4.1 Grouping of Application Environments by Zone.

Note: The following infonnntion representS a collection of"Applic:uion
EnvironmentS." An applic:ltion environment represents [he over:lll
situ:uion inside which a particu1:lr applic:uion will operate. It includes
those aspects of the physicn1 environment. regulatory environment. :md
those aspectS of the applic:uion mat impact me air interface. A "Zone"
is a nested group of application environmentS. which are grouped by
high-level chnrncteristics and are:1S of oper:ltion. This e:mmple of
"Zone" grouping is shown in Figure 3.3.23•

J The onpal4iapun;' ia TItCS./lSM/n.l1.OtZl1 (TlP1/9%-ml
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